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(54) THIN FILM EL DEVICE 

(57) The present invention provides a thin film EL 
device having high electroluminescent efficiency, a low 
operating voltage, and a long lifetime. A thin film EL de- 
vice of the present Invention uses, as a luminescent lay- 
er, a charge-transport luminescent material that has, 



within a molecule, a portion contributing to charge trans- 
port and a portion contributing to luminescence where 
at least two molecular orbitals contributing to lumines- 
cent transition are localized. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to thin film EL (electroluminescent) devices and to self-luminous devices that 
can be used as various kinds of light sources for. for example, self-luminous flat panel displays, telecommunications, 
lighting, and other applications. 

BACKGROUND ART 

[0002] In recent years, LCD panels have been widely used for flat panel displays. However, such panels still have 
several drawbacks such as slow response time and narrow viewing angle. In addition, even In many new systems in 
which these drawbacks are redressed, there still remain several problems, including unsatisfactory performance and 
Increasing costs in the manufacturing of panels. In these circumstances, thin film EL devices are attracting attention 
as new light-emitting devices that have excellent visibility because of self-luminosity, high-speed response, and wide- 
spread applicability. In particular, organic EL devices, thin film EL devices that use, in all or part of the layers, organic 
materials allowing for a simple film-forming step such as vapor deposition or coating at room temperature, have been 
the focus of much research, as these devices are attractive in temis of manufacturing cost as well as the above- 
mentioned characteristics. l„„tr«„^=„H 
20 [0003] In thin film EL devices (organfc EL devices), the light emission arises from the recombination of electrons and 
holes injected from electrodes. Research on such devtees has long been conducted; however, since the electrolumi- 
nescent efficiency of these devices was generally low, their practical applications for light emitting devices was still a 

[0004]^^ln"the meantime, a device was proposed by Tang et al. In 1987 (C.W. Tang and S.A. Vanslyke, Appl. Phys. 

25 Lett 51 1987 pp 913.) comprising a hole-injecting electrode (anode), a hole-transporting layer, a luminescent layer, 
and'an electron-injecting electrode (cathode) on a transparent substrate wherein ITO (Indium Tin Oxide) was employed 
as the anode, a 75-nm-thick layer of diamine derivative as the hole-transporting layer, a 60-nm-thick layer of aluminum 
quinoline complex as the luminescent layer, and an MgAg alloy having electron-injection properties and stability as the 
cathode This device not only made improvement in the cathode but also formed a thin film which had satisfactory 

30 transparency even with a film thickness of 75 nm and which was uniform and free from pinholes and the like by em- 
ploying a diamine derivative, having excellent transparency, for the hole-transporting layer. Thus, because reduction 
in the device's total film thickness became possible, light emission having high luminance with relatively low voltages 
could be achieved. Specifically, with a low voltage of 10 V or less the device achieved a high luminance of 1000 cd/ 
m2 or more and a high effteiency of 1 .5 Im/W or higher. This report led by Tang et al. spurred further investigation into 

35 improvements in cathodes, suggestions on device constructions, and so forth, and this active investigation has con- 
tinued to the present. 

[0005] Thin film EL devices, generally investigated today, are outlined below. 

[0006] In addition to a thin film EL device, such as one described in the above-mentioned report, having a laminate 
structure of an anode, a hole-transport layer, a luminescent layer, and a cathode formed on a transparent substrate, 
.40 a device may comprise a hole-Injecting layer formed between an anode and a hole-transport layer, may comprise an 
electron-transport layer formed between a luminescent layer and a cathode, or may comprise an electron-irijecting 
layer formed between the electron-transport layer and the cathode. Thus, by assigning functions to each individual 
layer separately, it becomes possible to select suitable materials for each layer, resulting in improvement in device 
ch3r3ct©ri sties 

45 [0007] For the transparent substrate, a glass substrate such as Corning 1 737 is widely used. A substrate thickness 
of about 0.7 mm is convenient for use in terms of Its strength and weight. 

[0008] For the anode, a transparent electrode such as an ITO-sputtered film, an electron-beam evaporated film, or 
an ion-plated film is used. The film thickness is determined by the sheet resistance and visible light transmittance 
required; however, since thin film EL devices have relatively high operating current densities. In most cases, the film 

so thicknessesare made to be 100 nm or more so as to reduce the sheet resistances. • , u- t, 

[0009] ■ For the cathode, an alloy of a low work function metal with a low electron injection barrier and a relatively high 
work function, stable metal, such as an MgAg alloy proposed by Tang et al. or an AILi alloy is used. 
[0010] For the layers sandwiched between the anode and the cathode, many devices have a laminate structure, for 
example of a hole-transport layer formed to a thickness of about 80 nm by vacuum vapor deposition of a diamine 

55 derivative (Q1 -G-Q2 structure) used by Tang et al, such as N,N'-bls (3-methylphenyl)-N,N'-dlphenylbenzidine (TPD) 
or N N'-bis (o(-naphthyl)-N.N'-diphenylbenzidine (NPD) and a luminescent layer formed to a thickness of about 40 nm 
by vacuum vapor deposition of an electron transport luminescent material such as tris(8-quinolinolato) aluminum. In 
this strtjcture. In order to Increase luminance, generally, a luminescent layer Is doped with a luminescent dye. 
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[0011] In addition, in view of the general difficulty In obtaining an organic connpound having excellent electron -trans- 
port properties such as one described above, it has also been suggested that in the luminescent layerleiectron-transport 
layer structure and in the hole-transport layer/lunnlnescent layer/electron -transport layer structure a hole-transport lu- 
minescent material be used for the luminescent layer 
5 [0012] For example, Japanese Unexamined Patent Publication No. 2-250292 discloses a device having the hole- 
transport luminescent layer/electron-transport layer structure that uses, as the hole-transport luminescent material, [4- 
{2-{naphthalene-1-yl)vinyl}phenyl]bis(4-methoxyphenyl)amine or [4-(2,2-diphenylvinyl)phenyl]bis(4-methoxyphenyl) 
amine. 

t' [0013] International Patent Publication No. W096/22273 discloses a device having the hole-transport layer/hole- 

to transport luminescent layerleiectron-transport layer structure that uses, as the hole-transport luminescent material, 
4,4'-bls(2,2-diphenyl-1 -vinyl)-1 ,1*--biphenyl. 

[0014] At the 1998 MRS Spring Meeting, Symposium G2.1 , the hole-Injecting layer/hole-transport luminescent layer/ 
hole blocking layer/electron-transport layer structure that uses NPD as the hole-transport luminescent material was 
disclosed. 

15 [0015] Further, Japanese Unexamined Patent Publications No. 10-72580 and No. 11-74079 also disclose various 
hole-transport luminescent materials. 

[0016] Thus, using a hole-transport luminescent material as well as an electron -transport luminescent material as 
the luminescent material allows for the design of a wide range of materials, which in turn provides various luminous 
colors. However, in terms of electroluminescent efficiency, lifetimes, and so forth, It cannot be said that expectations 
20 have been met. 

[0017] When devices are used in the passive-matrix llne-at-a-time scanning displays, in particular, In order to attain 
a prescribed average luminance, peak luminance needs to be Increased to very high levels. This increases the operating 
voltage, causing the problem of increasing power consumption as a result of power loss or the like caused by wiring 
resistance. Further, other problems arise, such as an increase in the cost for drive circuits and a decrease in reliability. 
25 Furthermore, devices tend to have shorter lifetimes as compared to ones used under conditions of continuous light- 
emission. 

[0018] In addition, even with devices having high electroluminescent efficiency and relatively low operating voltages 
at direct current operation, when the duty ratio increases during operation, the operating voltage required to attain a 
prescribed average luminance is rapidly increased and also the electroluminescent efficiency itself is reduced as the 

30 operating voltage Increases. 

[0019] Moreover, the above-mentioned [4-{2-(naphthalene-1-yl)vinyl}phenyl] bis(4-methoxyphenyl)amine and 
[4-(2,2-diphenylvinyl)phenyI]bls(4-methoxyphenyl)amine, disclosed In Japanese Unexamined Patent Publication No. 
2-250292, have relatively good hole-transport properties and high fluorescent yield. However, since both compounds 
are low-molecular-welght compounds, they suffer from the problems of low heat-resistance and particularly a short 

35 lifetime. In addition, because the compounds require luminescent dye doping, there is a problem concerning manu- 
facturing. 

[0020] The above-mentioned 4,4'-bis(2,2-diphenyl-1-vinyl)-1 ,1'-biphenyl, disclosed in international Patent Publica- 
tion No. W096/22273, is somewhat superior in tenns of heat-resistance as compared to the above-mentioned com- 
pounds. However, since the structure of the compound Is completely symmetric, the molecules easily become asso- 
40 ciated with each other, reducing electroluminescent efficiency due to microscopic crystallization and aggregation. Be- 
cause of this, devices using this kind of compound are unable to obtain satisfactory lifetime when used under conditions 
of continuous light-emission. In addition, since the compound requires luminescent dye doping, there is a problem 
concerning manufacturing. 

[0021] For the above-mentioned Q1-G-Q2 type compound, such as one disclosed In the 1998 MRS Spring Meeting, 
45 Symposium G2.1 , besides TPD and NPD, the trimers of and the tetramers of triphenylamlne have also been reported. 
As for their heat resistance, it has been reported that they have sufficient levels of heat resistance. However, since 

these compounds also have high molecular symmetry, the molecules easily become associated with each other, re- 
ducing electroluminescent efficiency due to microscopic crystallization and aggregation. Because of this, here also, 
devices using this kind of compound are unable to obtain satisfactory lifetimes under continuous use. Particularly when 
50 the devices are operated at high duty cycles, difficulties arise in achieving satisfactory electroluminescent efficiency 
and low operating voltages. In addition, since the compounds require luminescent dye doping, there is a problem 
concerning manufacturing. 

[0022] Devices using the above-mentioned hole-transport luminescent materials disclosed in Japanese Unexamined 
Patent Publications No. 10-72580 and No. 11-74079 do not require luminescent dye doping, and thus are advantageous 
55 with regard to manufacturing. However, the devices have not yet achieved satisfactory electroluminescent efficiency. 
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DISCLOSURE OF THE INVENTION 

[0023] In view of the foregoing and other problems. It Is an object of the present invention to provide a thin film EL 
device that achieves high electroluminescent efficiency, a low operating voltage, and a long lifetime even when the 

5 device is operated with direct current or at high duty cycles. .. u ■ 

[0024] In order to achieve the above-mentioned objects, the present inventors designed matenals. having various 
structures and made predictions about more specific properties of the materials by computer simulations. Thereaften 
various compounds were actually synthesized and fabricated into thin film EL devices. The inventors then obtained 
experimental data on the electroluminescent characteristics and lifetimes of the devices for both direct current operation 

10 and high duty cycle operation. From an enormous amount of these experimental data, the inventors found that when 
some specific groups of compounds were used as the luminescent material, the devices characteristically achieved 
extremely high electroluminescent efficiency, low operating voltages, and exceptlonalV long lifetimes over a wide range 
of operating duty cycles, from a direct current to 1/240. . 
[00251 In addition, the molecular orbitals (HOMO and LUMO) of the specific groups of compounds were observed. 

15 The results of the observations showed that each individual molecular orbital was localized within a molecule. On the 
other hand the hole transporting luminescent materials disclosed In Japanese Unexamined Patent Publications No 
10-72580 and No 11-74079 were found to have HOMO and LUMO, which are orbitals contributing to luminescent 
transition spreading throughout the molecule. From these data and observations, the present inventors found that it 
is effective in Improving in electroluminescent efficiency and so forth when either a hole-transport luminescent material 

20 or an electron-transport luminescent material (collectively referred to as "charge-transport luminescent nriaterial ) has 
at least two molecular orbitals contributing to luminescent transition such that the two orbitals are localized within a 
molecule and overlap one another. Thus, the present invention was accomplished. 

[0026] According to one aspect of the present invention there is provided a thin film EL device comprising at least: 

25 a hole-Injecting electrode; 

an electron-injecting electrode opposed to the hole-injecting electrode; 

a lumfnescent layer sandwiched between the hole-Injecting electrode and the electron-injecting electrode, said 
luminescent layer containing a charge-transport luminescent material having, within a molecule, a portion con rib- 
30 uting to charge transport and a portion contributing to luminescence where at least two molecular orbitals contrib- 

uting to luminescent transition are localized. 

[0027] As with the above-mentioned structure, by using a material having a portion contributing to luminescerice 
where at least two molecular orbitals contributing to luminescent transition are localized, because the spatial overlap 

35 of the molecular orbitals contributing to luminescent transition is large, the energy of a hole-electron recombination 
can be utilized more efficiently. Therefore, high electroluminescent efficiency is achieved. Furthermore, since energy 
utilization efficiency is high, it is also possible to reduce the operating voltage and extend the lifetime. 
[0028] The term "portion contributing to charge transport" is herein defined as a portion which is part of the molecular 
structure of the charge-transport luminescent material and which contributes to electron transport by hopping. One 

40 such example is a tetraphenyl phenylenediamine siceleton. ^ 

[0029] The term "portion contributing to luminescence" is herein defined as a portion which is part of the molecular 
structure of the charge-transport luminescent material and which Includes all molecular ortiitals contributing to lumi- 
nescent transition. One such example is an anthracene skeleton. It should be noted that this is the portion that emits 

4s roMOl The term "molecular orbitals contributing to luminescent transition" is herein defined as orbitals that change 
the status at light emission, and the orbitals include at least two orbitals, HOMO and LUMO. It should be noted that 
the molecular orbitals can be obtained from a calculation in a conventional manner by using, for example, Cherti3D 
available from CambridgeSoft Corporation, orthe IVIOPAC 97 engine incorporated in WinMOPAC available from Fujiteu 
Ltd. In addition, each orbital is defined herein to mean, based on the above calculation results, the smallest spatial 

50 extentcovering90%ormoreofth6probabiiityof existence Of electrons. 

[0031 ] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that an electron cloud of the portion contributing to charge transport and an electron cloud of the portion contnbuting 
to luminescence are localized such that the electron clouds substantially do not overlap each other. 
[0032] As with the above-mentioned structure, when tiie electron cloud of the portion contributing to charge transport 

53 and the electron cloud of the portion contributing to luminescence are localized such that the electron clouds are 
substantially separated from each other, the charge transport properties and the luminescent properties can be exhib- 
ited individually in different places within a molecule. In addition, quenching due to the interaction between the electron 
clouds can be suppressed. Consequently, a device is obtained that achieves high electroluminescent efficiency, a low 
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operating voltage, and an extended lifetime, 

[0033] The term "electron cloud of the portion contributing to charge transport" is defined herein to mean the snnallest 
spatial extent covering 90% or more of the probability of existence of all the electrons that are related to charge transport 
within a molecule. 

5 [0034] The "electron cloud of the portion contributing to luminescence" Is defined herein to mean the smallest spatial 
extent which spatially includes at least two molecular orbitals selected from the molecular orbitals contributing to the 
above-mentioned luminescent transition and which covers 90% or more of the probability of existence of all the elec- 
trons that are related to luminescence within a molecule. 

[0035] Specifically, the term "being localized such that the electron clouds substantially do not overlap each other" 
10 herein includes the case where there Is no overlap between electron clouds that are defined by the spatial extent in 
which the probability of existence of all the electrons is 90% but there is overlap between electron clouds in the spatial 
extent in which the probability of existence of all the electrons is over 90%. As described above, the electron clouds 
of each portion being localized such that the electron clouds do not overlap each other are advantageous in exhibiting 
the function; it should be noted, however, that the case where electron clouds are localized such that the electron 
15 clouds do not overlap each other at all is not realistic, and thus such a term is used. 

[0036] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the portion contributin g to charge transport and the portion contributing to luminescence are connected by a carbon- 
carbon bond. 

[0037] As with the above-mentioned structure, when the portion contributing to luminescence and the portion con- 
20 tributing to charge transport are connected by a carbon-carbon bond, at least two molecular orbitals contributing to 
luminescent transition are localized without spreading throughout the molecule, and the electron clouds of each portion 
are localized such that the electron clouds substantially do no overlap each other. Consequently, a device is obtained 
capable of exhibiting high charge transport and luminescent properties. 

[0038] The term "being connected by a carbon-carbon bond" herein includes not only a direct single bond between 
25 a carbon atom contained in the portion contributing to luminescence and a carbon atom contained in the portion con- 
tributing to charge transport, but also a bond through a divalent group consisting of carbon and hydrogen atoms, such 
as an alkylene group and an arylene group. For such a divalent group, one having about 1 to 10 carbons Is suitable. 
However, the "carbon-carbon bond" does not include a bond through nitrogen atoms or the like, a direct carbon-carbon 
double bond, and a direct carbon-carbon triple bond because these may hinder the localization of molecular orbitals. 
30 [0039] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the charge-transport luminescent material is a compound having an asymmetric and nonplanar molecular structure. 
[0040] As with the above-mentioned structure, when the molecular structure is asymmetric and nonplanar, amor- 
phous characteristics and non-associating properties are exhibited, and therefore quenching due to the Interaction 
between each of the portions contributing to luminescence of adjacent molecules or the like can be suppressed. As a 
35 result, a device is obtained that has high electroluminescent efficiency. 

[0041] The term "asymmetric and nonplanar" is defined herein to mean that the molecular structure at its most stable 
state is not symmetric with respect to a point, a line, or a plane, but Is three dimensional. 

[0042] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the portion contributing to luminescence is present within the luminescent layer at 1 x 1 0^o to 1 x 1 02i per 1 cm^. 

40 [0043] As with the above-mentioned stmcture, when the portion contributing to luminescence is present within the 
luminescent layer at a specific density, a device is obtained that achieves high luminance with high electroluminescent 
efficiency. This can be explained by the fact that when the density of the portion contributing to luminescence is too 
low, sufficient luminance tends not to be obtained; on the contrary, when the density is too high, quenching occurs due 
to the interaiction between the portions contributing to luminescence, and thus electroluminescent efficiency tends to 

45 be degraded. 

[0044] Here, the number of the portions contributing to luminescence is counted per portion; for example, when the 
charge-transport luminescent material has two portions contributing to luminescence within a molecule, the number 
of the portions contributing to luminescence per unit area equals a value that is double the number of molecules per 
. unit area. 

50 [0045] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the volume ratio of the portion contributing to luminescence is lower than that of the portion contributing to charge 
transport. 

[0046] As with the above-mentioned structure, when the volume ratio of the portion contributing to luminescence is 
lower than that of the portion contributing to charge transport, the possibility of quenching due to the interaction between 
. 55 the portions contributing to luminescence Is suppressed. Consequently, a device Is obtained-that achieves high elec- 
troluminescent efficiency. 

[0047] The term "volume ratio" is herein defined as the ratio of the volume occupied by the portion contributing to 
luminescence and the like to the total volume of a molecule having the portion contributing to luminescence and the like. 
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[0048] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the portion contributing to charge transport Is of a diary! diphenyl arylenediamine skeleton. 
[0049] This skeleton is particularly excellent in charge-transport properties, and thus a thin film EL device is obtained 
that has particularly good electroluminescent efficiency and so forth. Above all, a tetraphenyl phenylenediamine skel- 
eton, such as a tetraphenyl-p-phenylenediamine skeleton and a tetraphenyl-m-phenylenediamine skeleton, is suitable. 
[0050] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the portion contributing to luminescence is an aryl group containing five or more conjugated bonds. 
[0051] Such an aryl group has high luminance, and thus a thin film EL device is obtained that has advantages of low 
operating voltages and so forth. Above all, an anthracene skeleton is suitable. 

[0052] According to another aspect of the present Invention the above-mentioned thin film EL device may be such 
that an electron-donating substrtuent is directly bonded to the portion contributing to luminescence. 
[0053] As with the above-mentioned structure, when an electron-donating substituent is directly bonded to the portion 
contributing to luminescence, the localization of molecular orbitals contributing to luminescent transition Is further in- 
creased, and thus a device is obtained that achieves higher electroluminescent efficiency. 

[0054] ' According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the charge is a hole. . • i * 

[0055] According to another aspect of the present invention there is provided a thin film EL device compnsing at least: 

a hole-injecting electrode; 

an electron-injecting electrode opposed to the hole-injecting electrode; 
and 

a luminescent layer sandwiched between the hole-Injecting electrode and the electron-injecting electrode, the 
luminescent layer containing a compound represented by the following general formula (1 ): 

(1) 



N Ar3 




All 



where Arl and Ar2 may be the same or different, and each Independently represents a substituted or unsubstituted 
aryl group; Ar3 represents a substituted or unsubstituted arylene group; X represents a substituent containing two or 
more carbon rings and non-planarly bonding to a diphenylamine portion; and Y represents a substituted or unsubstituted 
aryl group containing five or more conjugated bonds. 

[0056] In the above-mentioned compound, the portion contributing to hole transport is of a diaryl diphenyl arylene- 
diamine skeleton and the portion contributing to luminescence Includes Y, When a compound having such a molecular 
structure is used, a device is obtained capable of exhibiting high hole-transport and luminescent properties. Particularly, 
when the portion contributing to luminescence is Y (excluding substituents when Y is substituted) , at least two molecular 
orbitals contributing to luminescent transition are localized, and an electron cloud of the portion contributing to lumi- 
nescence and an electron cloud of the portion contributing to hole transport are localized such that the electron clouds 
substantially do not overlap each other, andthus a superior device is obtained. Consequently, a device using the above- 
mentioned compound as the hole-transport luminescent material achieves high electroluminescent efficiency, a low 
operating voltage, and an extended lifetime. 

[0057] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the compound represented by the general formula (1) has a portion contributing to luminescence where at least 
two molecular orbitals contributing to luminescent transition are localized. 

[0058] As with the above-mentioned structure, when at least two molecular orbitals contributing to luminescent tran- 
sition are localized, because the spatial overlap of the molecular orbitals is large, the efficiency of energy utilization of 
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a hole-electron recombination is increased. Thus, a thin film EL device is obtained that achieves high electroluminescent 
efficiency. 

[0059] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the X in the general fomriula (1) is a substituent represented by the following general formula (2): 

5 

(2) 



10 



IS 




20 where R1 and R2 may be the same or different, and each independently represents a hydrogen atom or an alkyi group. 
[0060] As with the above-mentioned structure, when the X in the general formula (1) is a bulky substituent such as 
one represented by the general formula (2), this portion becomes twisted and thus the molecules of the hole-transport 
luminescent material become asymmetric and nonplanar Thus, molecular association, crystallization, and the like are 
less likely to occur, resulting In a device achieving high electroluminescent efficiency 

25 [0061] According to another aspect of the present Invention the above-mentioned thin film EL device may be such 
that the X in the general formula (1) is a substituent represented by the following general formula (3): 



(3) 



35 



40 




where R1 and R2 may be the same or different, and each Independently represents a hydrogen atom or an alkyI group. 
[0062] The substituent represented by the above-mentioned general formula (3) Is a bulky substituent in which a 
vinyl group is bonded to a substituent represented by the above-mentioned fomnula (2). Thus, molecular association, 
crystallization, and the like are less likely to occur, resulting in a device achieving high electroluminescent efficiency 

50 and so forth. 

[0063] According to another aspect of the present Invention the above-mentioned thin film EL device may be such 
that the X in the general formula (1 ) is a substituent represented by the following general fonnula (4): 



55 
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(4) 



/ 
CH 



N 




where R1 and R2 may be the same or different, and each independently represents a hydrogen atom or an alkyi group. 
[0064] The substituent represented by the above-mentioned general formula (4) Is a bulky substituent having nitro- 
aen Thus, hole-transport properties can be improved and the molecules become asymmetric and nonplanar. Therefore, 
molecular association, crystallization, and the like are less likely to occur, resulting in a device achieving high electro- 
luminescent efficiency and so forth. Cl\j«>,i^^rr,=wK£>clirh 
[00651 According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the X in the general formula (1) is a substituent represented by the following general formula (5): 



(5) 




Rl 



R2 



where R1 and R2 may be the same or different, and each independently represents a hydrogen atom or an aikyi group. 
[0066] The substituent represented by the above-mentioned general formula (5) is a bulky substituent having a f lu- 
orene skeleton. Thus, the molecules become asymmetric and nonplanar, and therefore molecular association, crys- 
tallization, and the like are less likely to occur. ConsequentV. a device is obtained that achieves high electroluminescent 

S67]"*'\^tSing to another aspect of the present Invention the above-mentioned thin film EL device may be such 
that the Y in the general formula (1 ) is an aryl group substituted with an electron-donating substituent. 
[0068] As with the above-mentioned structure, when Y is substituted with an electron-donating substituent. the lo- 
calization of molecular orbitals contributing to luminescenttransition is increased, resulting in a device achieving higher 

[oS'" Al^Tordng to^^^^^ aspect of the present invention the above-mentioned thin film EL device may be such 
that the Ar3 in the general fomiula{1) is a p-phenylene group. 

[0070] As with the above-mentioned structure, when Ar3 is a p-phenylene group, high electroluminescent efficiency 
is realized and organic synthesis can be achieved easily, providing a cost advantage. 

[0071] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the Ar3 in the general fomiula(1) Is an m-phenylene group. ^-^^^ftw^ 
[00721 As with the above-mentioned structure, when Ar3 is an m-phenylene group, hole-transport properties of tne 
portion contributing to hole transport are improved, resulting in a device achieving high electroluminescent efficiency 
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and a low operating voltage. 

[0073] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the hole-transport luminescent material is a compound represented by the following general fonnula (6): 



(6) 




where R4, R5, R6, and R7 may be the same or different, and each independently represents a hydrogen atom, an 
alkyi group, or an alkoxy group; and R1 , R2, and R3 may be the same or different, and each Independently represents 

a hydrogen atom or an electron-donating substituent. 

[0074] In the above-mentioned compound, the portion contributing to hole transport is of a tetraphenyl-p-phenylen- 
ediamine skeleton and the portion contributing to luminescence is an anthryl group. One phenyl group of diphenylamine 
is substituted with the above-mentioned anthryl group and the other Is substituted with a substituted or unsubstituted 
2,2-diphenylvinyl group. Such compound has a portion contributing to luminescence where at least two molecular 
orbitals contributing to luminescent transition are localized, and an electron cloud of the portion contributing to lumi- 
nescence and a molecular cloud of the portion contributing to hole transport are localized such that the electron cloud 
and the molecular cloud do not overlap each other. Further, since a bulky substituent, a 2,2-diphenylvinyl group, is 
bonded, this portion becomes twisted and tlius the molecules become asymmetric and nonplanar. Thus, a thin film EL 
device is obtained that achieves high electroluminescent efficiency, a low operating voltage, and an extended lifetime 
even when the device is operated at a wide range of operating conditions, from a direct current to high duty cycles. 
[0075] A compound represented by the above-mentioned general formula (6) may be (4-{[4-(2,2-diphenylvinyl)phe- 
nyl][4-{9-anthryl)phenyl]amino}phenyl) diphenylamine, (4-{[4-(2,2-diphenylvinyl)phenyl][4-(10-methoxy(9-anthryl)) 
phenyl]amino}phenyl)diphenylamine, orthe like. 

[0076] In this patent specification, the names of compounds used herein were named so as to conform to lUPAC 
nomenclature rules. Specifically, the compounds were named using Chemistry 4-D Draw (available from Chemlnno- 
vation Software, Inc.) based on the structural formulae for each compound. 

[0077] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that a compound represented by the following general fonnula (7) is used as the hole-transport luminescent material: 
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(7) 




where R4 R5 R6 and R7 may be the same or different, and each Independently represents a hydrogen atom, an 
aS gro^p, or'an alkoi group and R1 , R2, and R3 may be the same or different, and each Independently represents 
a hvdroqen atom or an electron-donating substituent. . 
[00781 The above-mentioned hole-transport luminescent material includes an anthryl group, °°":^^P°"f'"9 ^° 
portion contributing to luminescence, and a tetraphenyl-p-phenylenediamine skeleton, corresponding ^Je po^^^^^^^^ 
contributing to hole transport, and further includes a bulky substituent, a substituted or unsubstrtuted 4,4-dipheny buta- 
" -S^grCT^ 'thin film EL device Is obtained that achieves particularty high electroluminescent ef^c.ency, 
a low operating voltage, and an extended lifetime even when the device is operated at ^'^^ °"^°P^^f '"^ 
[0079] AcorSpound represented by the above-r^entioned general formula (7) may be (4-^^^^^ 

enyl)phenyl][4-(9-anthryl)phenyl] amino)phenyl)diphenylamine, (4-{[4-(4,4-diphenylbuta-1 .3-d.enyl)phenyl] [4-(10- 
methoxv(9-anthnrl))phenyl]amino}phenyl)diphenylamine, orthe like. ^. _, . ^ 

rooSS Aciord7ng to another aspect of the present invention the above-mentioned thin film EL dev.ce may be such 
that the hole-transport luminescent material is a compound represented by the following general fomiula (8). 
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(8) 




where R4, R5, R6, and R7 may be the same or different, and each independently represents a hydrogen atom, an 
alkyi group, or an alkoxy group; and R1 , R2, and R3 may be the same or different, and each independently represents 
a hydrogen atom or an electron-donating substituent. 

[0081] The above-mentioned hole-transport luminescent material includes an anthryl group, corresponding to the 
portion contributing to luminescence, and a tetraphenyl-p-phenylenedlamine skeleton, corresponding to the portion 
contributing to hole transport, and further includes a bulky substituent, a substituted or unsubstituted 2-a2a-2-diphe- 
nylaminovinyl group. Thus, a thin film EL device is obtained that achieves particularly high electroluminescent efficiency, 
a low operating voltage, and an extended lifetime even when the device is operated at various operating conditions. 
[0082] A compound represented by the above-mentioned general formula (8) may be [4-({4-[2-aza-2-(diphenyIami- 
no)vinyl]phenyl}{4-(9-anthryl)phenyl} amino)phenyl]diphenylamine, [4-({4-[2-aza-2-(diphenylamino)vinyl]phenyl} {4- 
(10-methoxy(9-anthryl))phenyl)amino)phenyl]diphenylamine, or the like. 

[0083] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the hole-transport luminescent material is a compound represented by the following general fonnula (9): 
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(9) 




where R4 R5 R6 and R7 may be the same or different, and each independently represents a hydrogen atom, an 
il grip, orralkoxy group'and R1 , R2, and R3 may be the same or different, and each Independently represents 
a hvdroaen atom or an electron -donating substituent. 

10084? The above-mentioned hole-transport luminescent material includes an anthryl group. --^J^f '"^^^^^^^^ 
portion contributing to luminescence, and a tetraphenyl-p-phenylenediamine skeleton, correspond ng °Jhe^P°rt.on 
con hJu^g to hole transport, and further includes a bulky substituent. a substituted or unsut)st.tuted ""orene-Q-yl^ 
Senr^eCl g oup- Thus, a thin film EL device is obtained that achieves particularly high ^"'^^^f "^^^^ 

a^r ope ating voltage and an extended lifetime even when the device is operated at vanous operating condit.ons^ 
raoTsi A c3ound represented by the above-mentioned general formula (9) may be (4-{[4-{f luorene-9-yl.denmethyl) 
S]14 (9 anK^^^^^^^ phenyOdiphenylamine, (4.{[4.(f,uorene-9-ylidenmethyl)phenyl][4-(1 0-methoxy 

(9-anthryl))phenyl]amino}phenyi)diphenylamine, or the like. 

0086] According to another aspect of the present invention the above-ment.oned th,n f'''"^^^ dev^e may be such 
that the hole-transport luminescent material is a compound represented by the following general fomiula (10). 
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where R1 , R2, R3, R4, R5, and R6 may be the same or different, and each Independently represents a hydrogen atom, 
an alky I group, or an alkoxy group; and An represents an arylene group composed of two or more substituted or 
unsubstituted fused rings. 

[0087] The above-mentioned hole-transport luminescent material includes an arylene group composed of two or 
35 more fused rings, corresponding to the portion contributing to luminescence, and a tetraphenyl-p-phenylenediamlne 
skeleton, corresponding to the portion contributing to hole transport. In addition, the material includes two bulky sub- 
stituents, substituted or unsubstituted 2,2-diphenylvinyl groups. Thus, a thin film EL device is obtained that achieves 
particularly high electroluminescent efficiency, a low operating voltage, and an extended lifetime even when the device 
is operated at various operating conditions. 
40 [0088] A compound represented by the above-mentioned general formula (1 0) may be [4-({4-[1 0-(2,2-diphenylvinyl) 
(9-anthryl)]phenyl}[4-(2,2-diphenylvinyl)phenyl]amlno)phenyl]diphenylamine, [4-({4-[10-(2,2-diphenylvinyl)(9-anthryl)] 
phenyl}{4-(2,2-diphenylvinyl)phenyl}amino) phenyl)bis(4-methoxyphenyl)amine, or the like. 

[0089] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the hole-transport luminescent material is a compound represented by the following general fonnula (11): 

45 



50 
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(11) 
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«h.r^ R1 R2 R7 R8 R9 and R10 may be the same or different, and each independently represents a hydrogen 
^ton^ an ;iky, g^o^p or an aTkoxy groupf and An represents an arylene group composed of two or more substituted 

So?oT'¥;ra'brv:^enTned hole-transport luminescent material includes an anrlene group -^o-^ 7° - 
r^oL used rinas corresponding to the portion contributing to luminescence, and a tetraphenyl-p-phenylened.am.ne 
r^eton corspond^^^^^^^^^ portion contributing to hole transport. In addrtion. the material includes two bu^^ 3"^- 
Sents subSt^ o? unsubstituted f.uorene-9-ylidenmethyl groups. Thus, a thin film EL f;'*;,^^ 
achieves particularly high electroluminescent efficiency, a low operating voltage, and an extended lifetime even when 
the device is operated at various operating conditions. ,hhx „o„h=r/i rio-(fluorene-9-vliden- 

[0091] A compound represented by the above-mentioned general fomnula (1 1 ) may be [4-({4-[1 0 J^^J J 
methvlV9-anthi7l)lphenyl}[4-(fluorene-9-ylidenmethyl)phenyl]amino)phenylldiphenylamine [4-({4-[1 0 (fluo^^^^ 

denmXl)(93^ phenyl]bis(4-methoxyphenyl)am.ne, or the 

So921 According to another aspect of the present invention the above-mentioned thin film EL device may be such 
tSe hXisporttuminescent material is a compound represented by the following general formula (1 2): 



50 
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(12) 




where R1 and R2 may be the same or different, and each independently represents a hydrogen atom, an all<yl group, 
or an alkoxy group; and An represents an arylene group composed of two or more substituted or linsubstituted fused 
rings. 

[0093] The above-mentioned hole-transport luminescent material includes an arylene group composed of two or 
more fused rings, corresponding to the portion contributing to luminescence, and a tetraphenyl-p-phenylenediamine 
skeleton, corresponding to the portion contributing to hole transport. In addition, the hole-transport luminescent material 
is substituted with two bulky substituents, substituted or unsubstltuted 4,4-diphenylbuta-1 ,3-dlenyl groups. Thus, a thin 
film EL device is obtained that achieves particularly high electroluminescent efficiency, a low operating voltage, and 
an extended lifetime even when the device is operated at various operating conditions. 

[0094] A compound represented by the above-mentioned general formula (12) may be [4-({4-[1 0-(4,4-dlphenylbuta- 
1 ,3-dienyl)(9-anthryl)]phenyl}[4-(4,4-diphenylbuta-1 ,3-dienyl)phenyl] amino)phenyl] diphenylamine, [4-({4-[1 0- 
(4,4-diphenylbuta-_1 ,3-dienyl)(9-anthryl)]phenyl}{4-(4,4-diphenylbuta-1 ,3-dienyl)phenyl}amlno)phenyl]bis{4-methoxy- 
phenyl)amine, or the like. 

[0095] According to another aspect of the present Invention the above-mentioned thin film EL device may be such 
that the hole-transport luminescent material Is a compound represented by the following general fomnuia (13): 
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iw 1 hCS?™Zrr,!ur,l,«.c.St m»e«l is , co„,p«ind rop™=en.«l b, th. follow.ns g^n.ral ton^ula (14). 
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where R4 represents a hydrogen atom, an alkyi group, an alkoxy group, or an aralkyl group; and R1 , R2, and R3 may 
be the same or different, and each independently represents a hydrogen atom, an alkyI group, or an alkoxy group. 
[0099] The above-mentioned hole-transport luminescent material includes a terphenyl group, corresponding to the 

35 portion contributing to luminescence, and a tetraphenyl-p-phenylenediamine skeleton, corresponding to the portion 
contributing to hole transport. This material also Includes a terphenyl group, which is the portion contributing to lumi- 
nescence, and thus a thin film EL device is obtained that achieves high electroluminescent efficiency, a low operating 
voltage, and an extended lifetime even when the device is operated at various operating conditions. 
[0100] A compound represented by the above-mentioned general fonmula (14) may be [4-(diphenylamino)phenyl] 

40 [4-(4-phenylphenyl)pheny!]phenylamlne, [4-{bis(4-methoxyphenyl)amino}phenyl][4-{4-(4-methoxyphenyl)phenyl} phe- 
nyl][4-(1 -methyl-1 -phenylethyl)phenyl]amine, or the like. 

[0101] According to another aspect of the present invention the above-mentioned thin film EL device may be such 
that the hole-transport luminescent material is a compound represented by the following general formula (15): 



so 



55 
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(15) 



\) N 




Where R1 , R2. R3, and R4 may be the same or different, and each independently represents a hydrogen atom, an 
^Zirr^^eTo^f^^ZlZ hoia-transport luminescent material Includes two terphenyi g-^P^^ ---P-^^^^^.^J 

amine, or the like. 

BRIEF DESCRIPTION OF THE DRAWING 

[0104] Fig; 1 is a cross sectional view schematically showing the structure of a thin film EL device according to a 
preferred embodiment of the present invention . . " 

BEST MODE FOR CARRYING OUT THE INVENTION 
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one made of polyester. A preferable thickness of the substrate Is 0.5 to 1 .0 mm thickness in terms of strength and weight. 
[0108] For the hole-Injecting electrode 2, there are no particular limitations as long as it functions as the anode and 
is capable of injecting holes into the hole-transport layers. It should be noted, however, that either the hole-injecting 
electrode 2 or the electron-injecting electrode 6 described below is made to have transparency to extract the emitted 

5 light to the outside and it is often the case that normally the hole-injecting electrode 2 is made to be a transparent 
electrode. In this case, an ITO (indium tin oxide) film is usually used. In fonning an ITO film, in order to ensure a high 
degree of transparency and a low resistivity, such film-forming techniques as sputtering, electron beam evaporation, 
or ion plating are employed. The formed ITO film may be given various post-treatments to control its resistivity and 
shape. The film thickness is detemnined mainly from sheet resistance and visible light transmittance; however, since 

10 thin film EL devices have relatively high operating current densities, In order to reduce the sheet resistance, films are 
usually formed to be a thickness of 100 nm or more, generally 100 to 150 nm. In addition to an ITO film, which is a 
transparent electrode, it is also possible to use various improved transparent conductive layers, such as an IngOg-ZnO 
transparent conductive electrode (IDIXO available from Idemitsu Kosan Go. .Ltd.), or a coating film of a transparent 
conductive coating in which conductive powder particles are dispersed. 

IS [0109] For the electron-injecting electrode 6, an electrode that is composed of an alloy of a low work function metal 
with a low electron injection barrier and a relatively high work function, stable metal is used; for example, an MgAg 
alloy proposed by Tang et al. as described in the Background Art or an AILi alloy. In addition, it is possible to use various 
structures of electrodes, such as a multi-layer cathode composed of a Li thin film and an Al film, which is thicker than 
the Li thin film, or a multi-layer cathode composed of a LiF film and an Al film. 

20 [01 1 0] The hole-transport layer 3 and the electron-transport layer 6 sandwiched between the above-mentioned hole- 
Injecting electrode 2 and the electron-injecting electrode 6 have no particular limitations, and thus are formed using 
any type of material known In the prior art. For the hole-transport layers, a layer is used composed of a material having 
hole-transport properties, such as TPD or NPD described above. It is also possible to use a specific material-blended 
type hole-transport layer, which is disclosed in Japanese Unexamined Patent Publication No. 11-260559. For the elec- 
ts tron-tran sport layer 5, a layer composed of various materials having electron -transport properties is used; for example, 
an aluminum quinoline complex, such as the above-mentioned tris(8-quinolinolato)aluminum (Alq3), or various com- 
pounds, such as all kinds of oxadlazole derivatives or phenanthroline derivatives, can be widely used. 
[0111] Next, for the luminescent layer 4, which Is the most significant feature of the present invention, the charge- 
transport luminescent material is used having a portion contributing to charge transport and a portion contributing to 

30 luminescence where at (east two molecular orbitals (for example, HOMO and LUMO) contributing to luminescent tran- 
sition are localized. The portion contributing to charge transport may be of, for example, a tetraphenyl phenylenediamine 
skeleton or the like. With this skeleton, generally, higher electroluminescent efficiency and longer lifetimes than triphe- 
nylamine dimer (TPD and the like), so-called Q1-G-Q2 structure, are achieved. The portion contributing to lumines- 
cence may be of, for example, an anthracene skeleton or the like. With this skeleton, particularly good electrolumlnes- 

35 cent efficiency and high charge transport properties are achieved, and in addition low operating voltages and low power 
consumption are achieved. 

[0112] Among the above-mentioned charge-transport luminescent materials, a material is particularly suitable in 
which an electron cloud of the portion contributing to charge transport and an electron cloud of the portion contributing 
to luminescence are localized such that the electron clouds substantially do not overlap each other. When this kind of 
40 material is used, charge transport properties and luminescent properties can be exhibited separately, and thus an 
excellent thin film EL device is obtained. In addition, when a carbon atom of the portion contributing to charge transport 
and a carbon atom of the portion contributing to luminescence are connected by a carbon-carbon bond, the electron 
clouds are localized individually such that the electron clouds substantially do not overlap each other, ensuring an 
excellent thin film EL device. 

45 [0113] The lunninescent layer 4 is formed using such charge-transport luminescent materials by various film-forming 
techniques such as vapor deposition. Since the luminescent layer 4 of the present Invention achieves high electrolu- 
minescent efficiency, normally, it is not necessary to dope the layer with luminescent dyes. Thus, a thin film EL device 
suitable for mass production is obtained. 

[0114] A hole-transport luminescent material may be a compound that is represented by the above-mentioned gen- 
50 eral formula (1 ). Above all, a compound represented by the above-mentioned general formulae (6) to (1 5) is preferable, 
and a compound represented by the general fomiulae (6) to (13) is more preferable. 

[01 15] For substituted or unsubstituted aryl groups represented by Ar1 and Ar2 in the above-mentioned fomnula (1 ), 
preferable examples thereof include the following: for an unsubstituted aryl group, one having 6 to 20 carbons is suitably 
used, Specifically, a phenyl group, a biphenyl group, a terphenyl group, a naphthyl group, an anthryl group, a phen- 
55 anthryl group, a fluorenyl group, and the like, are suitable. A substituted aryl group may be one in which the above- 
mentioned unsubstituted aryl group is substituted with, for example, an alkyi group having 1 to 10 carbons, an alkoxy 
group having 1 to 10 carbons, or the like. 

[0116] For a substituted or unsubstituted arylene group represented by Ar3 in Formula (1), preferable examples 
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thereof include the following: for an unsubstituted arylene group, one having 6 to 20 carbons ,s ^"^tf 'V "/^'^^f^^^^^^ 
icallv a phenylene group, a biphenylene group, a terphenylene group, a naphthylene group, an anthrylene group, a 
pheJantSo'lene group, a fluorenylene group, and the like, are suitable. A substituted arylene group rr^ay be one ,n 
Srelove'Lent oned unsu'bstituL aryiene group is substituted with, for exar^ple, an alky group having 1 to 
To carbons an alkoxy group having 1 to 10 carbons, orthe like, Among these aryl groups, a substrtuted or unsubsftuted 
ihenyTane g?oup is particufarly suLble. A p-phenylene group provides an advantage which allows easy organ.c syn- 
thesis and an m-phenylene group is advantageous because of its hole-transport properties and so forth . 

Ji For aTubstttuent represented by X in Formula (1). one having 12 to 30 carbons Is surtably used. SpecrfK^ally, 
a substituent represented by the above-mentioned fomiula (2) Is suitable. ^ ■ r 

[011 2 A substituent represented by Y in Formula (1) is a substituted or unsubstituted aryl group 
conjugated bonds. Preferable examples thereof include the following: for an unsubstituted an^l group an anth^^' Q'-^^P 
onhe like is suitably used. The number of conjugated bonds is suitably about 5 to 30. For a ^^^sWutj^^aryl gro^^^^ 
one in which an electron-donating substituent, such as an alkoxy group having 1 to 10 ca*ons, .s directly bonded to 
an unsubstituted aryl group is suitable. n nr. ^a*r,nc Iq «tuitablv used 

[0119] Further, for each alkyi group in the above-mentioned formulae, one having 1 to 0 

specifically, a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, a s-butyl group, an 
isobutvl aroup, a t-butyl group, and the like are suitable. . ui ...^ c»<> 

012oT For each alkoxy' group In the above-mentioned formulae, one having 1 to 1 0 carbons ,s -'t^^^V 
cifical y. a methoxy group, an ethoxy group, a propoxy group, a butoxy group, a t-butoxy 3'°^^^.^^^'^^'^^^^ 
r01211 Each electron-donating substituent In the above-mentioned fomiulae has no particular hmitations, but an 
alkoxv group having 1 to 1 0 carbons, such as a methoxy group or an ethoxy group, is suitably used 
mi22] Tor each arylene group formed by the condensation of two or more substituted or unsubstituted rings m the 
Lbove-mentloned formulae preferable examples thereof Include the following: for an unsubstituted -^''^^iSeJe 
having 10 to 20 carbons is suitably used. Specifically, a naphthylene group, an anthrylene group, a phenanthrylene 

[o'S "F^e'rh^T^M group In the above-mentioned (om,ulae. one having 7 to 20 carbons is suitably used, Spe- 
rificallv a 1-methvl-1-phenylethyl group and the like are suitable. 

[Si sped exarSples of a hole-transport luminescent material represented by the above-mentioned general for- 
mulae (6) to (15) are those described above. 

(Miscellaneous) 

roi 251 In the foregoing, one type of a thin film EL device was explained having the hole-transport/luminescenVelec- 
?on In port layers sandwiched between the hole-Injecting electrode and the electron-mjectmg ►^^-^^fj' 
he present invention is not limited to this specific type of the device. For example, an additional layer, such as a hole- 
^rect TaUr may be provided in the device, or the hole-transport layer and/or the electron-transport layer may be 
oSTd ForSe hl-injLing layer, in orderto smoothen the surface roughness of ITO, to attain low operating voltages 
b^rpLmgJoleVingefficie^^^^ 

JaiTnese Unexamined Patent Publteatlon No. 3-308688). oligoamine (for example, international Patent Publication 

WA^rT'StJSenlZ^^^ is explained In more detail below according to the specific examples, i- '^j'^J"'^^^ 
stood however that the present invention is not limited to these specific examples. It should be noted that for each 
hol^t^anspor, luminescent material, one that is synthesized in a conventional manner and sufficiently purified was 
used, except where specific synthesis examples are noted. 

(Example 1) 

r0127l First as a substrate having a hole-injecting electrode thereon, a commercially available ITO-coated glass 
substrate (available from Sanyo Vacuum Industries, Co., Ltd., size: 1 00 mm x 1 00 mm X t = 0.7 mm. asheet resistance 
o aS 1 4 was used, and the substrate was patterned by photolithography such that ''S^t-^rZ ohT 
14 mm X 1 4 mm with the overlap of the hole-injecting electrode and an electron-injecting electrode. Afte the pt^oto- 
it^ography the substrate was given a treatment as follows. The substrate was immersed in a "0'^^^^ --'^^^ 
resist stripper (a mixture of dimethyl sulfoxide and N-methyl-2-pyrrolldone) to remove the resist, then nnsed with ace- 
. ton anTrther ^Imersed in fuming nitric acid for one minute to completely remove the resist^ The ITO ^-r^^^ -Zl 
cleaned by mechanically rubbing both (the top and bottom) surfaces of the substrate with a "V'^" ^^l^^^f^^^^^^ 
supplyinga0.238%tetramethyl ammonium hydroxide solution.Thesurfaceswerethennnsedwithpuewa^^^^ 

by a spin dry. Thereafter, the surfaces were given oxygen plasma treatment in a ^^^'^^^l^'^'^^'''^^^^'^^^ 

(Model PR41 available from Yamato Scientific Co.. Ltd.) for one minute at an oxygen flow rate of 20 seem, a pressure 
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of 0.2 Torr (1 Torr = 1 33.322 Pa), and a high frequency output of 300 W, 

[0128] The hole-injecting electrode-coated substrate thus prepared was placed in the vacuum chamber of a vacuum 
evaporator. The vacuum evaporator used here is one in which a main pumping system of a commercially available 
vacuum evaporator (Model EBV-6DA, available from ULVAC Japan, Ltd.) is modified. In this system, the main pumping 
system Is a turbo molecular pump with a pumping speed of 1500 llters/min (TCI 500, available from Osaka Vacuum, 
Ltd.) and has an ultimate vacuum of about 1 x 10"^ Terror less, and all vapor depositions were carried out in the range 
of 2 to 3 X 10"^ Torr. In addition, all vapor depositions were carried out by connecting a tungsten boat for resistance- 
heated evaporation to the DC power supply (PAK10-70A, available from Kikusui Electronics Corporation). 
[0129] The hole-injecting electrode-coated substrate was placed in the vacuum chamber of a system such as one 
described above. Onto the substrate, N,N'-bis (4'-diphenylamlno-4-biphenylyl)-N,N'-dlphenylbenzldlne (TPT, available 
from Hodogaya Chemical Co., Ltd.) and 4-N,N-dlphenylamlno-a-phenylstilbene (PS) were co-deposited at deposition 
rates of 0.3 (nm/s) and 0.01 (nm/s), respectively, to form a material-blended type hole-transport layer with a thickness 
of about 80 (nm). 

[0130] Then, (4-{[4-(2,2-diphenylvinyl)phenyl](4-(9-anthryl)phenyl)amino} phenyl)diphenylamine (hereafter referred 
to as "PPDA-PS-A"), which Is a hole-transport luminescent material, was vapor deposited at a deposition rate of 0.3 
nm/s to fomn a hole-transport luminescent layer with a thickness of about 40 nm. 

[0131] Here, the PPDA-PS-A was a compound represented by the following chemical formula (16) and was obtained 
by synthesizing as follows. 

(16) 




[0132] As a starting material, N-acetyl-1 ,4-phenylenediamine (TCI Catalog No. A0i06, 2250 yen/25 g) was prepared 
and underwent the Ullmann reaction with iodobenzene. The resulting substance was then hydrolyzed, and further 
underwent the Ullmann reaction with 9-(4-iodophenyl) anthracene. 

[0133] Thereafter, the resultant was formylated by the Vilsmeier reaction as shown in the following reaction formula 
(17). Here, for a solvent usedforthe reaction, it Is possible to use DMF to obtain high reactivity, but In order to enhance 
reaction selectivity and increase the proportion of the target compound, N-methylformanilide was used. In addition 
since the Vilsmeier reaction is electrophillc addition, a carbon having the highest HOMO electron density became a 
reactive site, and thus the para position of the benzene ring, which is directly bonded to the nitrogen, was formylated. 
After the formylation, the resultant was thoroughly isolated by column chromatography and thus the target compound 
was extracted. 
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(17) 



CHO 




*CHCJ 




I 
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roi 341 Then diethyl diphenylmethyl phosphate, obtained from diphenylbromomethane and ^^^^V'P'^^^P^^*^' *f^^f If" 

fm3^^°ren only Li from an Al-Li alloy (available frorr, Kojundo Chemical Laboratory Co.. Ltd the weight ratio of 
Al to U is?9 1)' ias vapor deposited at low temperatures and at a deposition rate of about 0. 1 nm/s to * orm J L, laye 
wi h a t ickn L o? about 1 nm. Subsequently, the temperature of the AI-LI alloy was norther ----^^^ ^^^^^^^^^ 
was completely extracted, only Al was vapor deposed at a deposition rate of about 1 .5 nm/s to fomi an Al layer with 

L cofLg 7059 gSrilSL attached with an adhesive (Super Back 

under a dry nitrogen atmosphere. Thus, a sample was obtained. 

[01391 A sample of a thin film EL device thus obtained was evaluated as follows. 

(Evaluation of the device when operated with DC constant-cun-ent) 

roi401 In order to evaluate the electroluminescent efficiency (cd/A) and the operating voltage (V), hours atter the 
g°ls^lid was aSLched to the device, the device was operated with DC constant-current under nom^al laborato,, con- 
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ditions with ambient temperature and liumidity. It should be noted that the operating voltage was such a level obtained 
at a luminance level of 1000 (cd/m^). 

[0141] As for the lifetime, under the same conditions as described above, a continuous light-emission test was con- 
ducted by operating the device at a DC constant-current level that provides an initial luminance of 1000 (cd/m^). Then, 
the lifetime, which Is defined as the time taken for luminance to decrease by half (500 cd/m2), was evaluated. 
[0142] Here, the device was operated with DC constant-current by using a DC constant-current power supply {Multi- 
Channel Cun-ent Voltage Controller TR6163, available from Advantest Corporation), The luminance was measured 
using a luminance meter (Topcon luminescence meter BM-8, available from Topcon Corporation). 

(Evaluation of the device when operated with pulsed constant-cun'ent) 

[0143] The electroluminescent efficiency (cd/A) and the operating voltage (V) were evaluated by, under the same 
conditions as described above, operating the device with pulsed constant-current. It should be noted that the operating 
voltage was such a level obtained at an average luminance of 270 (cd/m^). 

[0144] As forthe lifetime, under the same conditions as described above, a continuous light-emission test was con- 
ducted by operating the device at a pulsed constant-current level that provides an average luminance of 270 (cd/m^). 
Then, the lifetime, which is defined as the time taken for luminance to decrease by half (135 cd/m^), was evaluated. 
[0145] Here, the device was operated with pulsed constant-current by using a pulsed constant-current drive circuit. 
Operating conditions were such that the pulse frequency was 100 Hz (10 ms), the duty ratio was 1/240 (a pulse width 
of 42 \LS), and the pulse wavefomn was a square wave. Under these operating conditions, evaluations were made by 
operating the device at various pulsed cun-ent levels. The luminance was measured using a luminance meter (Topcon 
luminescence meter BM-8, available from Topcon Corporation). 

[0146] In addition to the above evaluations, the quality of luminescent images, such as uneven luminance and dark 
spots (non-light-emitting portions), was observed while the device was being operated to emit light by using an optical 
microscope with 50 times magnification. 

[0147] The results of these evaluations are provided in Table 1 to be presented later. 
(Example 2) 

[0148] A sample of the thin film EL device was fabricated In a similar manner to that described in Example 1 , except 
that (4-{[4-(2,2-diphenylvinyl)phenyl] [4-(1 0-methoxy(9-anthryl))phenyl]amino)phenyl)diphenylamine (PPDA-PS-AM) 
was used for the fonnation of the hole-transport luminescent layer in place of the PPDA-PS-A. The sample was eval- 
uated in a similar manner to that described In Example 1 . The results of the evaluations are provided in Table 1 to be 
presented later. 

(Examples) 

[0149] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that (4-{[4-(4,4-diphenylbuta-1,3-dienyl)phenyl](4-(9-anthryl)phenyl)amino}phenyl)diphenylamine (PPDA-PB-A) was 
used for the formation of the hole-transport luminescent layer In place of the PPDA-PS-A. The sample was evaluated 
in a similar mannerto that described in Example 1 . The results of the evaluations are provided In Table 1 to be presented 
later. 

(Example 4) 

[01 50] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that (4-{[4-(4,4-diphenylbuta-1 ,3-dienyl)phenyi][4-(10-methoxy)(9-anthryl)]pheny}amino)phenyl) diphenylamine (PP- 
DA-PB-AM) was used for the formation of the hole-transport luminescent layer in place of the PPDA-PS-A. The sample 
was evaluated in a similar manner to that described in Example 1. The results of the evaluations are provided in Table 
1 to be presented later. 

(Examples) 

[0151] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that [4-({4-[2-aza-2-(diphenylamino) vinyl]phenyl}(4-(9-anthryl)phenyl)amino)phenyl]diphenylamine (PPDA-PH-A) 
was used for the fonnation of the hole-transport luminescent layer in place of the PPDA-PS-A. The sample was eval- 
uated In a similar mannerto that described in Example 1 . The results of the evaluations are provided in Table 1 to be 
presented later 
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(Example 6) 

in Table 1 to be presented later. 



(Example 7) 



[01 531 A sample of the thin film EL device was fabricated In a similar manner to that f ^^^''^J ^'^fJJPi^i^f 
;rat'(V(f.uor:ne-9-vlidenmethyl)phenv.p-(9-anth^^ 

later 

(Exannple 8) 

1 to be presented later. 
(Example 9) 

1 to be presented later. 
(Example 10) 

are provided In Table 1 to be presented later. 
. (Example 11) 

are provided in Table 1 to be presented later, 
(Example 12) 

of the evaluations are provided in Table 1 to be presented later. 
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(Example 1 3) 

[01 59] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that [4-({4-[1 0>(4,4-diphenylbuta-1 ,3-dienyl)(9-anthryl)]phenyl}[4-(4,4-dipheny!buta-1 ,3-dienyl)phenyl]amino) phenyl] 
5 diphenylamine (PPDA-PB-APB) was used for the formation of the hole-transport luminescent layer in place of the 
PPDA-PS-A. The sample was evaluated in a similar manner to that described in Example 1 . The results of the evalu- 
ations are provided in Table 1 to be presented later. 

(Example 14) 

10 

[0160] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that [4-({4-[1 0-(4.4-diphenylbuta-1 .3-dlenyl)(9-anthryl)]phenyl}[4-(4,4-dlphenylbuta-1 ,3-dienyl)phenyl]amino) phenyl] 
bis(4-methoxypheny!)amine (IV12PPDA-PB-APB) was used for the formation of the hole-transport luminescent layer in 
place of the PPDA-PS-A. The sample was evaluated in a similar manner to that described in Example 1 . The results 
15 of the evaluations are provided in Table 1 to be presented later 

(Example 15) 

[0161] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
■ 20 that {4-[bis(4-(9-anthryl)phenyl) amino]phenyl}diphenylamine (PPDA-A2) was used for the formation of the hole-trans- 
port luminescent layer in place of the PPDA-PS-A. The sample was evaluated in a similar manner to that described in 
Example 1 . The results of the evaluations are provided in Table 1 to be presented later. 

(Example 16) 

25 

[0162] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that [4-(bis{4-[10-(2,2-diphenylvinyl) (9-anthryl)lphenyl}amino)phenyl]diphenylamine (PPDA-APS2) was used for the 
formation of the hole-transport luminescent layer in place of the PPDA-PS-A. The sample was evaluated in a similar 
manner to that described in Example 1 . The results of the evaluations are provided in Table 1 to be presented later 

30 . 

(Example 17) 

[0163] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that [4-(bis{4-[10-(4,4-diphenylbuta-1 ,3-dienyl)(9-anthryl)]phenyl}amino)phenyl]diphenylamine (PPDA-APB2) was 
35 used for the formation of the hole-transport luminescent layer in place of the PPDA-PS-A. The sample was evaluated 
in a similar manner to that described in Example 1 .The results of the evaluations are provided in Table 1 to be presented 
later 

(Example 18) 

40 

[0164] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that [4-(bis{4-[10-(fluorene-9-ylidenmethyl)(9-anthryl)]phenyl}amino)phenyl]dlphenylam(ne (PPDA-AFM2) was used 
for the formation of the hole-transport luminescent layer in place of the PPDA-PS-A. The sample was evaluated in a 
similar manner to that described in Example 1 . The results of the evaluations are provided in Table 1 to be presented 
45 later 

(Example 19) 

[0165] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
50 that [4-(diphenylamino)phenyI][4-(4-phenylphenyl)phenyl]phenylamine (TPPDA) was used for the formation of the 
hole-transport luminescent layer in place of the PPDA-PS-A. The sample was evaluated in a similar manner to that 
described in Example 1. The results of the evaluations are provided in Table 1 to be presented later. 

(Example 20) 

55 

[0166] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that [4-{bis(4-methoxyphenyl)amino} phenyl][4-{4-(4-methoxyphenyl)phenyl}phenyl][4-(1 -methyl-1-phenylethyl) phe- 
nyl]amine (MTPPDA) was used for the formation of the hole-transport luminescent layer in place of the PPDA-PS-A. 
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The sample was evaluated in a similar manner to that described in Example 1 . The results of the evaluations are 
provided In Table 1 to be presented later. 

(Example 21) 

r01 671 A sample of the thin film EL device was fabricated in a similar manner to that described in ^^^["P'^; • 
Sltr4WdiXny^ml)phenyl][bis{4-(4-phenylphenyl)phenyl}]aminea 

in Example 1 . The results of the evaluations are provided in Table 1 to be presented later. 
(Example 22) 

[01 681 A sample of the thin film EL device was fabricated In a similar manner to that jf/f j" ^J^^A^^^^^ 
Lt [i{bls(4-methoxyphenyl)amino} phenyllbis[4-{4-(4.metho^^^^^^^^^^ 

for the formation of the hole-transport luminescent layer in place of the PPDA-PS A. ' ^ampie vv 

S^ilar manner to that described in Example 1 . The results of the evaluations are provided m Table 1 to be presented 

later. 

(Comparative Example 1) 

roi691 A sample of the thin f ilm EL device was fabricated in a similar manner to that described in Example 1 except 
hit r4 iplaoXalene 1-yl)vinyl) phenyObis(4-methoxyph6nyl)amlne (DANS) was used for the formation of the hole- 

in Example 1 . The results of the evaluations are provided in Table 1 to be presented later. 

(Comparative Example 2) 

rni 701 A samole of the thin film EL device was fabricated in a similar manner to that described in Exariiple 1 except 
tZ7i(2 2 dThC l nyl P e^^^^^ (4-methoxyphenyl)amine (MDAPS) was used for the formation of the ho« 
port SriSscent layer in place ol the PPDA-PS-A. The sample was evaluated in a s.m.lar manner to that descnbed m 
Example 1 . The results of the evaluations are provided In Table 1 to be presented later. 

(Comparative Example 3) 

mi7l 1 A samole of the thin film EL device was fabricated in a similar manner to that described in Example 1 except 
^4(2 2^3he nyl-^^^^^ , 1 '-blpheny. (DPVBI) was used for the fom^ation of the hol«°rt lumme^^^^^^^ 
laylr in place of the PPDA-PS A The sample was evaluated in a similar manner to that descnbed m Example 1 . The 
results of the evaluations are provided in Table 1 to be presented later. 

(Comparative Example 4) 

roi721 A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
hit lead oTo m^^^^^^ 40-nm-thlck layer of the PPDA-PS-A, which Is a hole-transport '-'"J-"-^ 
bis (3 methvlphenyl)-N N'-diphenylbenzidlne (TPD) was vapor deposited at a deposrtion rate of 0.3 (nm/s) to form a 
«lm Lvi?a a Thickness of 30 nm which serves as the hole-transport luminescent layer, and then bathocupro.ne (BCP. 
TaSom Ca^^^^^ was vapor deposited at a deposition ra^ of 0.3 (nm^) to form a rj ha.^^ 

a thickness of 5 nm. The sample was evaluated in a similar mannerto that descnbed .n Example 1 . The results of the 
evaluations are provided in Table 1 to be presented later. 

(Comparative Example 5) 

r0173l A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 . except 
Sstead rformt^^^ layer of the PPDA-PS-A, which Is a hole-transport luminescent matenal. N 

b s was vapor deposited at a deposition rate of 0-3 (nm/s) to a f^m 

hLv no a thickness of 30 nm which serves as the hole-transport luminescent layer, and then bathocupro ne (BCP. 
ava lable mm Sigma-AlSrteh Corporation) was vapor deposited at a deposition rate of 0.3 (nm/s) to form a f .Irn having 
; thSnilL o" 5 nm. The sample was evaluated in a similar manner to that described in Example 1 . The resurts of the 
evaluations are provided in Table 1 to be presented later. 
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(Comparative Example 6) 

[0174] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that [4-(diphenylamlno)phenyl] diphenylamine (TPPDA) was used for the formation of the hole-transport lunninescent 
layer in place of the PPDA-PS-A. The sample was evaluated in a similar manner to that described in Example 1 . The 
results of the evaluations are provided in Table 1 to be presented later. 

(Comparative Example 7) 

[01 75] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that [4-U4-phenylphenyl) phenylamino}phenyl](4-phenylphenyl)phenylamine (DPBBPDA) was used for the formation 
of the hole-transport luminescent layer In place of the PPDA-PS-A. The sample was evaluated in a similar manner to 
that described in Example 1. The results of the evaluations are provided in Table 1 to be presented later. 

(Comparative Example 8) 

[01 76] A sample of the thin film EL device was fabricated in a similar manner to that described in Example 1 , except 
that [4-{bis(4-phenylphenyl)amino} phenyl]bis(4-phenylphenyl)amine (TBPDA) was used for the formation of the hole- 
transport luminescent layer in place of the PPDA-PS-A. The sample was evaluated in a similar mannerto that described 
in Example 1 . The results of the evaluations are provided in Table 1 to be presented later. 
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The results in Table 1 show that according to Examples 1 to 22. the devices have high electrolurr,inesceht 
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efficiency and achieve luminescence with good visibility with low operating voltages and self-emission. In addition, the 
continuous light-emission tests revealed that the devices showed little degradation in luminance, had no defects such 
as dark spots or uneven luminance, and were capable of operating stably over an extremely long period of time. 
[0178] Particularly, even in pulsed-operation corresponding to the actual panel operation, the devices have high 
electroluminescent efficiency and low operating voltages. In addition, the continuous light-emission tests revealed that 
the devices showed little degradation in luminance, had no defects such as dark spots or uneven luminance, and were 
capable of operating stably over an extremely long period of time. 

[0179] Further, the devices of Examples 1 to 1 8 achieve higher electroluminescent efficiency, lower operating volt- 
ages, and longer lifetimes as compared to those of Examples 19 to 22. This may be explained by the fact that in the 
devices of Example 1 to 18 the electron clouds of the portions contributing to hole transport and the electron clouds 
of the portions contributing to luminescence are localized such that the electron clouds substantially do not overlap 
each other. 

[0180] In Table 1 above, the constituent compounds of the devices of each example and comparative example are 
represented in an abbreviated form as follows: 

TPT indicates N,N'-bis(4'-diphenylamino-4-biphenylyl)-N.N'-diphenylbenzidine; 
PS indicates 4-N,N-diphenylamino-aa-phenylstilbene; 

The PPDA-PS-A indicates {4-{[4-(2,2-diphenylvinyl)phenyl]{4-(9-anthryl) phenyl)amino}phenyl)diphenylamlne; 
PPDA-PS-AM indicates (4-{[4-(2,2-diphenylvinyl)phenyl][4-(1 0-methoxy(9-anthryl))phenyl] amino}phenyl)diphe- 
nylamine; 

PPDA-PB-A indicates (4-{[4-(4,4-diphenylbuta-1 ,3-dlenyl)phenyl](4-{9-anthryl)phenyl)amino}phenyl)diphe- 

nylamine; 

PPDA-PB-AM indicates (4-{[4-(4,4-diphenylbuta-1 ,3-dlenyl)phenyl][4-(1 0-methoxy)(9-anthryl)]phenyl}amino)phe- 
nyl)diphenylamine; 

PPDA-PH-A indicates [4-({4-[2-aza-2-(dlphenylamino)vinyl]phenyl)(4-{9-anthryl)phenyl)amino)phenyl] diphe- 
nylamine; 

PPDA-PH-AM indicates [4-({4-[2-a2a-2-(diphenylamino)vinyl]phenyl}(4-(1 0-methoxy(9-anthryl))phenyl)amino) 
phenyljdiphenylamine; 

PPDA-FM-A Indicates (4-{[4-(fluorene-9-ylidenemethyl)phenyi][4-(9-anthryl) phenyl]amino}phenyl)diphe- 
nylamine; 

PPDA-FM-AM indicates (4-{[4-{fluorene-9-ylidenemethyl)phenyl][4-(1 0-methoxy(9-anthryl))phenyl]amino}phenyl) 
diphenylamine; 

PPDA-PS-APS indicates [4-({4-[1 0-(2,2-diphenylvinyl)(9-anthryl)]phenyl}[4-(2,2-diphenylvinyl)phenyl] amino)phe- 
nyljdiphenylamine; 

M2PPDA-PS-APS indicates [4-({4-[1 0-(2,2-diphenylvinyl)(9-anthryl)]phenyl} [4-(2,2-diphenylvinyl)phenyl]amino) 
phenyl]bis(4-methoxyphenyl)amine; 

PPDA-FM-AFM indicates [4-({4-[1 0-(f!uorene-9-ylldenemethyl)(9-anthryl)] phenyl}[4-(fluorene-9-ylidenemethyl) 
phenyl]amino)phenyl]diphenylamine; 

M2PPDA-FIVI-AFM indicates [4-({4-[1 0-(fluorene-9-ylidenemethyl)(9-anthryl)]phenyl}[4-(fluorene-9-ylideneme- 
thyl)phenyl]amino)phenyl]bls(4-methoxyphenyl)amine; 

PPDA-PB-APB indicates [4-({4-[10-(4,4-diphenylbuta-1 ,3-dienyl)(9-anthryl)] phenyl} [4-(4.4-diphenylbuta-1 ,3-di- 
enyl)phenyl] amino)phenyl] diphenylamine; 

M2PPDA-PB-APB indicates [4-({4-[10-(4,4-diphenylbuta-1 .3-dienyl)(9-anthryl)]phenyl)[4-(4,4-diphenylbuta- 
1 ,3-dieriyl)phenyl]amlno)phenyl]bis{4-methoxyphenyl)amine; 
PPDA-A2 indicates {4-[bis(4-(9-anthryl)phenyl)amino]phenyi} diphenylamine; 

PPDA-APS2 indicates [4-(bis{4-[1 G-(2,2-diphenylvinyl)(9-anthryl)]phenyl} amino)phenyl]diphenylamine; 
PPDA-APB2 Indicates [4-(bis{4-[10-{4,4-diphenylbuta-1.3-dienyl)(9-anthryl)] phenyl}amino)phenyl]diphe- 
nylamine; 

PPDA-AFM2 indicates [4-(bis{4-[1 0-{fluorene-9-ylidenemethyl)(9-anthryl)] phenyl}amino)phenyl]diphenylamine, 
TPPDA Indicates [4-(diphenylamino)phenyl][4-(4-phenylphenyl)phenyl) phenylamine; 

MTPPDA Indicates [4-{bis(4-mthoxyphenyl)amino}phenyl][4-{4-(4-methoxyphenyl)phenyl}phenyl][4-(1-methyI- 
1 -phenylethyl)phenyl]amine; 

T2PPDA indicates [4-(diphenylamino)phenyl][bis{4-(4-pheny!phenyl) phenyl}]amine; 

MT2PPDA indicates [4-{bis{4-methoxyphenyl)amino}phenyl]bis[4-{4-(4-methoxyphenyl)phenyl]phenyl]amine; 
DANS indicates [4-{2-{naphthalene-1-yl)vinyl}phenyl]bis(4-methoxyphenyl) amine; 
MDAPS indicates [4-(2,2-diphenylvlnyI)phenyl]bis(4-methoxyphenyl)amine; 
DPVBi indicates 4,4'-bis(2,2-diphenyl-1 -vinyl)-1 ,1'-biphenyl; 
TPD indicates N,N'-bis(3-methylphenyl)-N,N'-diphenylbenzidine; 
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15 



20 



BCP indicates 2,9-dimethyl-4,7-cliphenyl-1 ,10-phenanthroline (bathocuproine); 
NPD indicates N,N'-bis(a-napiithyl)-N,N'-diphenylbenzidine; 
TPPDA in dicates [4-(diphenylamino)phenyl]diphenylannine; 

DPBBPDA Indicates [4-{(4-phenyiphenyl)phenylamino}pheny!]{4~phenylphenyl)phenylannine. 
TBPDA indicates [4-{bis(4-plienylphenyl)amino}phenyilbis{4-phenylplienyl) annine; 
Alq3 indicates tris(8-quinolinolato)aluminum; 
Al indicates aluminum; and 
Li indicates lithium. 

roi81l The laminate structures are described in sequence from the ITO electrode side using the abbreviations with 
L llaVh (0 seXntthe layers. The numbers in parentheses indicate the layer thicknesses m nanometers, and the 

K^l.,ooir,n/^^inriiratPs a laver in whicli two components coexist such as a doped mixture. 

mi82 SSrfncetK^ 

cent material of the present invention are provided in Table 2 to be presented later. 

(18) 
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(20) 
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(Table 2) 





Absorption Wavelength (nm) 


Oscillator Strength 


Chemical Formula (18) 


343.1 


0.466 


Chemical Formula (19) 


383.3 


0.836 


Chemical Formula (20) 


376.8 


0.390 



[0183] Table 2 shows that the compounds represented by the above-mentioned chemical formulae (18) and (19) 
have higher oscillator strengths than the compound represented by the chemical formula (20). The oscillator strength 
and the electroluminescent efficiency are correlated, that is to say. when the oscillator strength Is high, the electrolu- 
30 minescent efficiency is high. Thus, a device using the compound represented by the chemical formula (1 8) or (1 9) as 
the luminescent material achieves high electroluminescent efficiency. 

[0184] In addition, the compound represented by the chemical formula (1 9) has higher oscillator strength than the 
compound represented by the chemical formula (18). The compound represented by the chemical formula (1 9) is one 
In which a methoxy group (an electron-donating substituent) Is directly bonded to an anthracene skeleton (a portion 
35 contributing to luminescence) of the compound represented by the chemical formula (18). Consequently, a device 
using a compound, in which an electron-donating substituent is directly bonded to a portion contributing to lumines- 
cence, achieves higher electroluminescent efficiency. 

INDUSTRIAL APPLICABILITY 

40 

[0185] As has been described thus far, according to the present invention, a thin film EL device uses, as the charge- 
transport luminescent material, a compound represented by the above mentioned general fonnula (1 ) that has a portion 
contributing to charge transport and a portion contributing to luminescence where at least two molecular orbitals con- 
tributing to luminescent transition are localized. Thus, it is possible to provide self-luminous devices with excellent 
45 visibility that exhibit high electroluminescent efficiency, low operating voltages, and longer lifetimes even when operated 
at various operating voltages. In addition, the continuous light-emission tests revealed that the devices showed little 
degradation in luminance and were capable of operating stably with low power consumption over an extremely long 
period of time. 

[0186] Furthermore, even in pulsed operation corresponding to the actual operation of the passive matrix panel, the 
50 devices have low operating voltages, high efficiency, and high reliability and are capable of operating stably with low 
power consumption over an extremely long period of time. 

[0187] Thus, the present invention is useful in fields such as various kinds of light sources used for self-luminous 
flat panel displays, telecommunications, lighting, and other applications. 

55 

Claims 

1. A thin film EL device comprising at least: 
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3. 



5. 



a hole-injecting electrode; 

an electron-injecting electrode opposed to said hole-injecting electrode; 

a lumrnescent layer sandwiched between said hole-injecting electrode and said electron-injecting electrode 

cS^g r^^^^^^ a portion contributing to luminescence where at least two molecular or- 

bitals contributing to luminescent transition are localized. 

A thin film EL device according to claim 1 , wherein an electron cloud of said portion contributing ^^^a^^ge transp^^^ 
an^an electron cloud of said portion contributing to luminescence are localized such that sa.d electron clouds 
substantially do not overlap each other 

A thin film EL device according to claim 1 . wherein said portion contributing to charge transport and said portion 
contributing to luminescence are connected by a carbon-carbon bond. 

A thin film EL device according to claim 1 , wherein said charge-transport luminescent material is a compound 
having an asymmetric and nonplanar molecular structure. 

. A thin film EL device according to claim 1 . wherein said portion contributing to luminescence is present within said 
20 luminescent layer at 1 x 1 02° to 1 x 1 021 per 1 cm3. 

6 A thin film EL device according to claim 1 , wherein the volume ratio of said portion contributing to luminescence 
is lower than that of said portion contributing to charge transport. 
25 7. AthlnfilmELdeviceaccordingtoclaiml.whereinsaidportioncontributingtochargetransportisofadlaryldiphenyl 
arylenediamine skeleton. 

8. A thin film EL device according to claim 7, wherein said diaryl diphenyl arylenediamine skeleton is a tetraphenyl 
phenylenediamine skeleton. 

A thin film EL device according to claim 1 . wherein said portion contributing to luminescence is an aryl group 
containing five or more conjugated bonds. 

1 0. A thin film EL device according to claim 9, wherein said aryl group containing five or more conjugated bonds is of 
35 an anthracene skeleton. 

11. A thin film EL device according to claim 1, wherein an electron-donating substituent is directly bonded to said 
portion contributing to luminescence. 

12. Athin film EL device according to any one of claims 1-11, wherein said charge is a hole. 

1 3. A thin film EL device comprising at least: ' 

a hole-injecting electrode; , , ^ 

an electron-injecting electrode opposed to said hole-injecting electrode; 

a lumrnetcent layer sandwiched between said hole-injecting electrode and said ^^^f;-j;^^^^^^ 
said luminescent layer containing a compound represented by the following general formula (1). 
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(1) 




where Ar1 and Ar2 may be the same or different, and each independently represents a substituted or unsubstltuted 
aryl group; Ar3 represents a substituted or unsubstituted arylene group; X represents a substltuent containing two 
or more carbon rings and non-planarly bonding to a diphenyiamine portion; and Y represents a substituted or 
unsubstituted aryl group containing five or more conjugated bonds. 

14, A thin film EL device according to claim 13, wherein said compound represented by the general formula (1) has 
a portion contributing to luminescence where at least two molecular orbltals contributing to luminescent transition 
are localized. 

15. A thin film EL device according to claim 13. wherein said X in the general formula (1) is a substituent represented 
by the following general formula (2): 

(2) 




Where R1 and R2 may be the same or different, and each Independently represents a hydrogen atom or an alkyl 
group, 

16. A thin film EL device according to claim 1 3, wherein said X in the general fonnuta (1) Is a substituent represented 
by the following general formula (3): 
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(3) 




where R1 and R2 may be the same or different, and each independently represents a hydrogen atom or an alkyl 
group. 

17. A thin film EL device according to claim 1 3. wherein said X in the general fomiula (1 ) is a substituent represented 
by the following general formula (4): 

(4) 



CH 



N 




where R1 and R2 may be the same or different, and each Independently represents a hydrogen atom or an aikyi 
group. 

18. A thin film EU device according to claim 13. wherein said X in the general formula (1) is a substituent represented 
by the following general formula (5): 



(5) 



HC 
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where R1 and R2 may be the same or different, and each independently represents a hydrogen atom or an alky! 
group. 

19. A thin film EL device according to claim 1 3, wherein said Y in the general formula (1) is an aryl group substituted 
5 with an electron-donating substituent. 

20. A thin film EL device according to claim 13, wherein said Ar3 in the general formula (1) is a p-phenylene group. 
1 21. A thin film EL device according to claim 13, wherein said Ar3 in the genera! fomnula (1) is an m-phenylene group. 

10 

22. A thin film EL device according to claim 13, wherein said hole-transport luminescent material is a compound rep- 
resented by the following general fonnula (6): 

(6) 
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where R4, R5, R6, and R7 may be the same or different, and each independently represents a hydrogen atom, 
an alkyl group, or an alkoxy group; and R1 , R2, and R3 may be the same or different, and each independently 
represents a hydrogen atom or an electron-donating substituent. 

45 * - 

23. A thin film EL device according to claim 22, wherein said compound represented by the general fomnula (6) is (4- 
{[4-(2,2-diphenylvlnyl)phenyll[4-(9-anthryl)phenyl]amino)phenyl)diphenylamlne. 

24. A thin film EL device according to claim 22, wherein said compound represented by the general fonnula (6) Is {4- 
50 {[4-(2,2-diphenylvinyl)phenyl][4-(10-methoxy(9-anthryl))phenyl]amino}phenyl)diphenylamine. 

25. A thin film EL device according to claim 1 3, wherein said hole-transport luminescent material is a compound rep- 
resented by the following general fonnula (7): 
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(7) 




represents a hydrogen atom or an electron-donating substituent. 

26 A thin film EL device according to claim 25, wherein said compound represented by the general fomiula (7) is (4- 
14^4 4-Sphenylbuta-1 ,3-dienyl) phenyl][4-(9-anthryl)phenynamino}phenyl)d,phenylamme. 

27 A thin film EL device according to claim 25. wherein said compound represented by the general fo^^^^^^^ (7) is (4- 
SiSnipT,enylbuta-1 ,3-dienyl) phenyl][4-(10-methoxy(9-^^^^ 

28. A thin film EL device according to claim 13, wherein said hole-transport luminescent material is a compound rep- 
resented by the following general formula (8): 
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(8) 




Where R4, R5, R6, and R7 may be the same or different, and each independently represents a hydrogen atom, 
an alkyi group, or an alkoxy group; and R1, R2, and R3 may be the same or different, and each Independently 
represents a hydrogen atom or an electron -donating substituent. 

29. A thin film EL device according to claim 28, wherein said compound represented by the general formula (8) is 
[4-({4-[2-aza-2-(diphenylamino) vinyl]phenyl}{4-(9-anthryl)phenyI}amino)phenyl]diphenylamlne. 

30. A thin film EL device according to claim 28, wherein said compound represented by the general formula (8) is 
[4-({4-[2-a2a-2-(diphenylamino) vinyl]phenyl}{4-(10-methoxy{9-anthryl))phenyl}amlno)phenyl] diphenylamine. 

31 . A thin fllm EL device according to claim 13, wherein said hole-transport luminescent material Is a compound rep- 
resented by the following general formula (9): 
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(9) 




where R4 R5 R6 and R7 may be the same or different, and each independently represents a hydrogen atom, 
rn X^group. of an alkoxy group; and R1. Ra. and R3 may be the same or different, and each .ndependently 
represents a hydrogen atom or an electron-donating substituent. 

32 A thin film EL device according to claim 31 . wherein said compound represented by the general formula (9) is (4- 
' {[4-(fluorene-9-ylidenmethyi) phenyl][4-(9-anthryi)phenyi]amino}phenyl)diphenylamine. 

33 A thin film EL device according to claim 31 , wherein said compound represented by the general fomiula (9) is (4- 
^" Ji-cCrleWdenmethyl) phenyll[4-(10-m^^ 

34. A thin film EL device according to claim 13, wherein said hole-transport luminescent material is a compound rep- 
resented by the following general formula (1 0): 



38 



EP1 195 422 A1 



(10) 




where R1 , R2, R3, R4, R5, and R6 may be the same or different, and each independently represents a hydrogen 
atom, an alkyi group, or an alkoxy group; and An represents an arylene group composed of two or more substituted 
or unsubstituted fused rings. 

35. A thin film EL device according to claim 34, wherein said compound represented by the general formula (10) is 
[4-({4-[10-(2,2-diphenylvinyl)(9-anthryl)]phGnyl}[4-(2,2-diphenylvinyi)phenyl] amino)phenyl]diphenylamine. 

36. A thin film EL device according to claim 34, wherein said compound represented by the general formula (10) is 
[4-({4-[10-(2,2-dlphenylvinyl)(9-anthryl)]phenyl}{4-(2,2-dlphenylvinyl)phenyl}amino)phenyl]bis 

amine. 

37. A thin film EL device according to claim 13, wherein said hole-transport luminescent material Is a compound rep- 
resented by the following general fonnula (11); 
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(u) 




or unsubstituted fused rings, 
nylamine. 

methoxyphenyl)amine. 

40. A thin film EL device acco«ling to claim 1 3, wherein said hole-transport luminescent material is a compound rep- 
resented by the following general foimula (1 2): 
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(12) 




where R1 and R2 may be the same or different, and each independently represents a hydrogen atom, an alkyi 
group, or an alkoxy group; and An represents an arylene group composed of two or more substituted or unsubsti- 
tuted fused rings. 

41. A thin film EL device according to claim 40, wherein said compound represented by the general formula (12) is 
[4-({4r[1 0-(4,4-diphenylbuta-1 ,3-dienyl)(9-anthryl)]phenyl}[4-(4,4-diphenylbuta-1 ,3-dienyl)phenyl]amlno) phenyl] 
diphenylamine. 

42. A thin film EL device according to claim 40, wherein said compound represented by the general formula (12) is 
[4-({4-[10-(4,4-diphenylbuta-1,3-dienyl)(9-anthryl)]phenyl}{4-(4,4-diphenylbuta-1,3-dienyl)phenyl}amino) phenyl] 
bis(4-methoxyphenyl)amlne. 

43. A thin film EL device according to claim 13, wherein said hole-transport luminescent material is a compound rep- 
resented by the following general formula (13): 
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(13) 
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45 



nylbuta-1 .S-dienyl group, orfluorene-9-ylidenmethyl group or a hydrogen atom. 

44 A thir, filrr. EL device according to cialrr. 43. wherein said compound represented by the general fomiula (13) Is 
{4-D3ls(4-(9-anthryl)phenyl) amino]phenyl}diphenytamme. 

45 A thin film EL device according to claim 43. wherein said compound represented by the general fom^ula (13) is 
" [4-(bis{4-[10-(2.2-diphenylvlnyl) (9-anthiyl)]phenyl}amlno)phenyl]diphenylamine. 

46 A thin film EL device according to claim 43. wherein said compound represented by the general formula (13) Is 
r4Tbi{niO-(4 4.diphenylbuta 1 ,3-dienyl)(9-anthryl)]phenyl}amlno)phenyl]dlphenylamme. 

47 A thin film EL device according to claim 43. wherein said compound represented by the general fomiula (1 3) Is 
[4-(bis{4-[10-(fliJorene-9-ylldenmethyl)(9-anthryl)lphenyl}amino)phenyl]diphenylam.ne. 

48. A thin film EL device according to claim 13. wherein said hole-transport luminescent material Is a compound rep- 
resented by the following general fomnula (14); 



so 
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(14) 




where R4 represents a hydrogen atom, an alkyl group, an alkoxy group, or an aralkyi group; and R1 , R2, and R3 
may be the same or different, and each independently represents a hydrogen atom, an alkyl group, or an alkoxy 
group. 

49- A thin film EL device according to claim 48, wherein said compound represented by the general formula (14) is 
[4-(diphenylamlno)phenyl]{4-(4-phenylphenyl)phenyl]phenylamine. 

50. A thin film EL device according to claim 48, wherein said compound represented by the general formula (14) is [4- 
{bis(4-methoxyphenyl)amino} phenyl] [4-{4-(4-methoxyphenyl)phenyl}phenyl][4-(1 -methyl- 1 -phenylethyl) phenyl] 
amine. 

51 . A thin film EL device according to claim 1 3, wherein said hole-transport luminescent material is a compound rep- 
resented by the following general fomriula (1 6): 
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(15) 




where R1. R2, R3. and R4 may be the same or different, and each independently represents a hydrogen atom, 
an alkyi group, or an all<oxy group. 

52 A thin film EL device according to claim 51 , wherein said compound represented by the general fomnula (15) Is 
[4-(diphenylatnino)phenyl][bis{4-(4-phenylphenyl)phenyl)]amine. 

53 Athin film EL device according to claim 51 , wherein said compound represented by the general fomiula (15) is [4- 
' {bls(4-methoxyphenyl)amino} phenyllbis[4-{4-(4-methoxyphenyl)phenyl}phenyl]amine. 
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Fig. 1 




45 



EP 1 195 422 A1 



INTERNATIONAL SEARCH REPORT 



Intemadanal appUcatian Nq. 

PCT/JPOO/09064 



I'a. CLASSmCAT^C5N0FSUBJbi:iMAlTHl 

litTcl^ C09K11/06, H05B33/14 



"^^^I^Srseatched (daasHicatioii system foUcwcd by classificatioQ symDois, 
Ittt.Cl^ C09iai/0€, H05B33/14 



CA(STN) , REGISTRY (STN) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catcgoiy* 



Citation of document, with indicalioD, where appropriate^ of the relevant passages 



JP, 6-240245, A (RicoH Company, ^5^^'>' . 
30 August, 1994 (30.08-94) (Faioily: none) 

JP 7-157754, A (Ricoh Cotiipany, Ltd.), 
20 June, 1995 (20.06.95) (Fandly: none) 

JP 7-216352, A {CHISSO C0RPORATIC)»> , 

?5' August, 1995 (15.08.95) (Family: none) 

JP, 8-302341, A (Ricoh company, Ltd.). 

19 November, 1996 (19.11.95) (Partaly: none) 

TP 7-249490, A (Ricoh Company, Ltd.), 
26'septe^er: 1995 (26.09.95) (Family: none) 

JP, 8-311442, A (TDK Corporation), 

26 ^lovetnber, 1996 (26.11.96), 

par. wos. [0037], [00543 (Family: none) 

XJS, 5635308, A (TDK Corp.), 
03 June, 1997 (03.06.97) 

- EP, 681019, A2 & JP, 8-12600, A 



Relevant to claim Ko. 



1-9,12-20 
1-7,9-12 
1-6,12 

1-12 
1-6,12 
1-7,9,12 

1-6,12 



1 i:urtodoc«iner>tearotistedinifaec<^^ □ Seepatertfenuly onne^ 



-A- SMXBCOtdefiiiingthegcncndstateoftheartTtWchisn^ 

-L- SCTinentwMdiinay throw doobtscniiri^ 

' SS«S^pubUcatioa<ta» of another dtatioo^ 

I special reason (as specified) ^^^iti^^^^^\,mr 



-P- ^Lat published priorto the inteniatioBal filing datebatlater 
I th an the priority date daiined 

fDate of the actual c<Knpleaoii of the intcroalloiifll search 
02 March, 20O1 (02.03.01) 



-r Ito docnmeni published after the intenatfcwal fil«>S ^ «^ 
mder^thc prinopleortheoiy mderipjgtteim^^ 
S^nSS^n^otbcoowideredtoi^^ 

conadeted to tavolve an inventive step wh^^ 
combittBd with one or nwte other sach doomnc^ 
«»a>inatkmbe&ig6hvioB8 toaperaondn^ 
dociaiwnimeniborofflw«Bmep»»art»naIy 

Date of mailing of the intematioaal search report 
21 March, 2001 (21.03.01) 



["Name and mailing address of the ISA/ 

Japanese Patent 0£f ice 

I Facsimile No. 
. Foot P(rr/ISA/210 (second sheet) (July 1992) 



AuHhonEcd officer 

Telephone >Io. 



46 



EP1 195 422 A1 



intebkahonal search report 



loteniatioiial application No. 

PCT/JPOO/09064 



C (Coatinuatioz]). DOCUMENTS CONSIDERED TO BB RELBVAKT 



Category' 



CitaticD of document, with indication, where oppropnata, of llie relavant passages 



Keievant to claim No. 



JV, e -12969, A (TDK Corporation) , 

16 January, 1996 (16.01.96), 

Par. Nos. [00663 , [0074] (Family: none) 

JP, 8-333569, A (Idemiteu Kosan Co- , Ltd.), 

17 December, 1996 (17. 12. 96), 

Par. Nos. [0044], [0062) (Family: none) 

JP, 11-255716, A (Sharp Corporation), 
21 September, 1999 (21.09.99), 
Par. No. [00263 (Family: none) 

JP, 10-245549, A (MINOLTA CO., LTD.), 

14 September, 1998 (14.09.98), 

Par. No. [00183 , [00263 (Family: none) 

JP, 9-2682B4, A (Toyo Ink Manufacturing Co., Ltd.), 

14 October, 1997 (14.10,97), 

Par. No. [00253 , [0036] (Family; none) 



1-6,12 



1-6,12 



1-6,12 



1-6,12 



1-10,12 



FonnFCr/ISA/210 (contintulion of second sheet) (July 2992) 



47 



ft 
I 



THIS PAGE BLANK (mspto) 



